Total recoverable concentration of five elements of concern: Aluminum, Iron, Manganese, Arsenic and Lead (Al, Fe, Mn, As, Pb) were measured by inductively coupled plasma atomic emission spectrometry, and mass spectrometry. The results show that sediment texture plays a controlling role in the concentrations and their spatial distribution. Principal Component Analysis and Cluster Analysis were used to analyze the grain sizes of the sediments. Result of texture analysis classified the samples into three main components in percentages: sand, silt, and clay. Significant differences among the element concentrations in the three groups were observed, and the concentrations of the elements in each group are reported in this study. Most of the elements have their highest concentrations in the fine-grained samples with clay playing an important role, in comparison with the sand component of the soil/sediment samples. There appears to be a strong correlation between samples with high silt, and clay content with the areas of elevated concentrations for Al, Fe, and Mn. There was a strong correlation between aluminum and lead with clay; lead with silt; and sand with manganese, aluminum, and lead. However, there was no strong relationship between the soil textures and iron or arsenic. All elements measured were statistically significant (at P ≤ 0.05) by watershed. The upland areas, and depositional areas' spatial variation of element concentrations in the sediments were also observed, which was in line with the spatial distribu-* Corresponding author.
Introduction
Lower Tennessee River basin in Alabama includes the Flint Creek (FC) and Flint River (FR) watersheds, and the spatial distribution of the grain size of sediments at these watersheds is largely fine grained in the upper, middle to lower reaches of the rivers. To study the grain size effect on the total recoverable metal concentrations in sediments, samples within, and along the river, sites were collected in winter/spring of 2014. Sediments in riverbeds serve as depositories for most aquatic pollutants, including heavy metals. Hence sediments are considered to be an important indicator for environmental pollution [1] . Sediments act as sinks and sources of contaminants in aquatic systems because of their variable physical and chemical properties [2] . Heavy metals in sediments in the Flint Creek (FC) and the Flint River (FR) watersheds in the Tennessee River (TR) basin have received very little scientific attention. Okweye et al. [3] concluded that the surface water from the FC and the FR watersheds in the TR basin had been polluted with heavy metals from anthropogenic sources surrounding the watersheds. Furthermore, the concentrations of heavy metals in the soil/sediment of these watersheds exceeded the maximum contaminant level (MCL) allowed by USEPA in drinking water. This paper examines the concentrations of heavy metals (Al, Fe, Mn, As, and Pb) in relation to sediment grain size distribution on the watersheds. Particle size is important because the grain size of soil particles and their aggregate structures affect the ability of soil to transport and retain water and nutrients.
The purpose of this study was: 1) to determine the distribution of the particle size of the soil/sediment and heavy metals (Al, Fe, Mn, As, and Pb) at depositional and upland areas of each site; and 2) to identify the controlling factors by using Principal Component Analysis (PCA) and Cluster Analysis (CA) because multivariate analyses are useful for interpreting elements in spatial patterns, which might be related to similar input sources or transport pathways [4] .
The study tested the null hypothesis that soil/sediment particle size distribution and sampling location influenced the level of heavy metal concentration within the watersheds. The results from this study are expected to provide a framework for interpreting sediment toxicity and group elements with similar properties at these watersheds. 
Materials and Method

Study Area and Location of Sampling Sites
Sample Collection
Soil/sediment samples were collected in winter/spring 2014 from six sites (WR-FR, BF-FR, HR-FR, RB-FC, MB-FC, and VB-FC) as shown in Figure 1 (a); Figure 1 (b) and Table 1 . Samples were transferred into sampling bags and placed in a cooler at 4˚C, and then transported to Alabama A&M University laboratories for storage. About 1 kg of sample was obtained from each site and air dried before analysis. All the sampling locations were recorded with a GPS. Most of the samples were fine-grained clay and silt, and passed through a 1 mm metal sieve. The soil/sediment sampling locations for each site included: 1) an in-stream/Depositional area, 2) a Bank-side, and 3) an Upland in riparian zone. At each location, five samples were collected, composited, and well-mixed to obtain a representative sample (Figure 2) . A stainless steel soil probe was used to collect soils from the banks and upland areas, and a 250-cm pole sediment sampler-Pakar [5] was used for collecting sediments from instream/depositional areas across the upper, middle, and lower sections of the streams, covering a distance of ~110 km. The sediment sampling was carried out in low flow conditions because trace metal concentrations tend to be highest during this period as metals accumulate in the sediments from water. Under high water discharge, erosion of riverbeds takes place. According to the UNEP/WHO [6] , following peak discharge, the concentrations of metals in bed sediments increase as the water flow again decreases. A total of seventy-two (72) soil/ sediment samples were collected from the watersheds. In the laboratory, samples were stored in the freezer until they were processed and analyzed. In-situ measurements for physical and chemical characteristics of water and soil properties were conducted at the sites with a 6600 Extended Deployment System (EDS).
Analytical Methods
USEPA Method 3050B [7] was used for the digestion of heavy metals in soil/sediment samples at the Environmental Testing and Consulting (ETC) laboratories in Memphis, Tennessee. This method is suitable for hot block digestion of soil, sediment, and waste samples and for analysis by inductively coupled plasma optical emission/atomic emission spectrometry (ICP-OES/AES). A 1.0 g subsample of each sample was digested in nitric acid and hydrogen peroxide. The digestate was then further refluxed with hydrochloric acid. High-tech instrument ICP-AES, with SW-846 USEPA method 6010B, was used for the elemental determination. The USEPA standard sediment samples were used to monitor the analyses. Al, Fe, Mn, and Pb was measured by inductively coupled plasma optical emission spectrometry (ICP-OES, Optima 2000DV; Perkin Elmer, Waltham, MA, USA; detection limit 0.001 -0.030 mg/L) and inductively coupled plasma-mass spectrometry (ICP-MS, 7500a; Agilent Technologies, Santa Clara, CA, USA; detection limit 0.015 -0.120 mg/L) was used for the analysis for Arsenic (As). Laboratory quality control consisted of analysis of sediment reference material (GBW 07302-07312a; National Institute of Standard and Technology, MD, USA) and triplicate samples were used. The results were consistent with the reference values, and the differences were generally within 10% (most were within 5%).
The recoveries all fell within the range of 90% -110%, and the relative standard deviation was less than 5%. All The reagents used for the analysis were AR grade and double distilled water was used for preparation of solutions. The analyzing laboratory -ETC asserted that the results from the average values of the concentrations of the elements detected by both ICP-OES/AES (Al, Fe, Mn, and Pb) and ICP-MS (As) were consistent. The quality control in this study was similar to that used in a previous study in the area [3] . ICP-MS was used for arsenic ), and can give a rapid throughput of samples [8] - [10] .
Soil/Sediment Texture Analysis
The relative proportions of sand (particle size between 0.06 and 2 mm), silt (0.002 and 0.06 mm), and clay (< 0.002 mm) in the soil/sediment samples were determined by means of the classical sieve-pipette technique. This method involves sieving of the sand fractions and pipette extraction of the clay fractions using settling tubes. The results may be due to the soil types of the various sites ( Table 2) 
Data Analysis
To study the relationships between particle-size and multi-element concentrations Principal Component Analysis (PCA) with varimax normalized rotation was applied to the data set. The aim of rotational algorithms is to set clear pattern of loadings, that is, factors that are clearly marked by high loadings for some variables and low loadings for others. According to Grimm and Yarnold [11] , loadings >0.71 are typically regarded as excellent, and loadings <0.32 very poor. Data standardization of each variable was done prior to the correlation statistical analysis because the concentration of the elements and the parameters (particle sizes) differed greatly and statistical results would be highly biased by elements with high concentrations. Principal Component Analysis (PCA) was used previously by to evaluate possible sources of sediment contaminants in the San Pedro Shelf area of the Southern California Bight (SCB) [12] . Cluster analysis (CA) was also used by Phillips et al. [13] to evaluate patterns in sediment metals and polycyclic aromatic hydrocarbon (PAH) concentrations at 24 sites in the SCB. To classify the samples in this study, PCA and CA were used. PCA is a technique for finding linear compounds of correlated variables, and is suitable for finding the directions of maximum variance of the data, using the ordinate data in one, two or three dimensions and interpreting them as factors influencing the data. CA (hierarchical-agglomerative approach) was used because it is also a classification procedure. Clusters are concentrations of points or objects in space, and two or more points in the same cluster tend to be more similar than two or more points in different clusters. A group of objects, which are classifiable together on numerical grounds, will form a cluster of points in multivariate space. The differences among the classified sample groups were tested using ANOVA, and the conservative Tukey test was applied for significance. Most of the analysis for this study was done with Statistical Package for the Social Sciences (SPSS).
Results and Discussion
All the locations in both FC and FR watersheds had high percentages of the fine particle (clay) size and low percentages of the coarse (sand) particle sizes ( Table 3 ). The samples were probably located at sites where there were low currents in the rivers during run-off periods and where only the fine sizes of the sediment were deposited and retained. Texture was not uniformly distributed along the sites; this may be due to soil types ( Table 2) ; FC locations had lower percentages of silt particle sizes than FR locations ( Table 3) . Studies have shown that one of the most significant parameters influencing total recoverable metal levels in sediments is particle dimension [1] . Bio-available sediment-bound metals such as Al, Fe, Mn, As, and Pb, depend to a significant extent on the particle size fraction with which a metal is associated. This study showed that the highest concentrations of metals were associated with fine grained sediment particles. Table 4 shows that Fe was significant, but negative correlations with sand, and positive but highly significant correlations with silt. Arsenic (As) was highly significant. There were positive correlations with silt and negative but significant correlations with clay.
In the FC and the FR watersheds, the spatial distribution of the particle size of sediments was coarser from upland to depositional ( Table 3) . The results showed that texture played a controlling role on the concentrations and their spatial distribution. Principal component analysis and cluster analysis were carried out based on the particle sizes of the sediments, and the samples were classified into three fractions: sand, silt and clay. Significant differences among the element concentrations in the three groups were observed, and the concentrations of the elements in each group were reported in this study ( Table 5) . Most of the elements had their highest concentrations at the sites with high, fine particle (silt and clay) samples; in comparison with the sand samples, with clay minerals possibly playing an important role. The heavy metals being mainly present in the clay-silt particles with particle sizes less than 63 μm (<0.06 mm), may be due to the increase in specific surface properties of this fraction. An upland to depositional spatial variation of element concentrations in the sediments was observed. This is in line with the spatial distribution of the particle size and may be due to the water hydrological dynamics in the rivers.
Correlation Coefficients
The Factor Analysis for the data was developed in three stages: 1) A correlation matrix was generated for all the variables, 2) Factors were extracted from the correlation matrix based on the correlation coefficients of the variables; and
3) The factors were rotated in order to maximize the relationship between the variables and some of the factors.
For a better understanding of the relationships between the heavy metal log transformed concentrations and particle sizes, correlation coefficients were calculated and listed in Table 6 (a) and Table 6 
(b).
The Pearson correlation coefficient was used to determine the linear association between two variables, using data that was transformed and normally distributed. The Fe and As elements in Table 7 (a) had negative correlations with the sand (>0.06 mm). With the exception of Al, all the other elements had moderate to significantly positive correlations with silt (<0.06 mm) and clay fractions of <0.02 mm of the sediments. Mn is the only element with significantly positive correlations with the finest grained sizes of <0.02 -0.05 mm, and sand fractions (>0.06 mm).
All the elements in Table 7 (b) have significantly positive correlations with the silt (<0.06 mm) and sand fractions (>0.06 mm) of the sediments. Mn was the only element with significantly positive correlations with the finest particle sizes of <0.02 mm. However, Al, Fe, As, and Pb had moderately negative correlations with the coarse particle sizes of >0.06 mm. Therefore, all the elements in this study appear to be influenced by the particle size effect in some manner.
Sample Classification
Cluster Analyses was applied for sample classification based on the particle sizes and elements detected. In addition, PCA and correlations were applied to reduce the variables between the particle sizes and the elements; factor analysis uses the correlation matrix to determine which sets of variables cluster together. Before the multivariate analysis, tests were conducted to test the normality of the datasets. All of the elements and the particle sizes passed the normality tests at the significance level of P ≤ 0.05. Therefore, all the raw data (real observed data points) were used without any transformation for the following multivariate analyses. The matrix of correlation coefficients and their significance levels are shown in Table 8 (a) through Table 9 
(b).
According to Hatcher, L. [14] , confirmatory factor analysis (CFA) is a statistical approach used to examine the internal reliability of a measure; to investigate the theoretical constructs, or factors, that might be represented by a set of variables, such as, given in this study (Al, Fe, Mn, As, Pb, sand, silt, and clay) and to assess the quality of individual variables. According to Cattell, R.B. [15] , researchers typically use maximum likelihood in the CFA model to estimate factor loadings, and the most common approach to deciding the number of factors to generate a scree plot. The scree plot is a two dimensional graph with factors on the x-axis and eigenvalues on the y-axis. The scree plot was used to help determine the number of factors to keep in the analysis. Theoretically, an eight-item variable will have eight possible underlying factors, and each factor will have an eigenvalue that indicates the amount of variation in the items accounted for by each factor. It should be noted that this approach to selecting the number of factors involved a certain amount of subjective judgment. From the scree plot (Figure  3(a) and Figure 3(b) ), there were three underlying factors for each plot (components 3, 4, 5 for depositional and components and 1, 2, and 3 for upland area). It is believed that the remaining of factors were due to unknown error variation. The component plot in rotated space shows the first three principal components (PCs) for the depositional area (Figure 4(a) ), and the upland area (Figure 4(b) ). The first three PCs may reveal a clearer explanation of the particle-size and element factor controlling the distribution and accumulation of the metals and particle sizes. The significant relationships between the particle-size variables and the elemental components were presented
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Component Number by using FA as the indicators. The first three PCs in the depositional area accounted for 95.12%, and the upland area accounted for 83.84% of the total data variance explained. They were selected for subsequent graphical displays and analysis. Figure 4(a) and Figure 4(b) show the PC loadings of the particle sizes and the elements on the first three principal components. In the depositional area the fine particle sizes of <0.05 and <0.02 mm had low negative loadings of PC2, and the coarse sizes of >0.06 mm had high positive loadings of PC3. In upland area the fine particle sizes of <0.05 mm had low negative loadings of PC2, and the coarse sizes of >0.06 mm had low negative loadings of PC3, but silt <0.02 mm had a high positive loadings in PC3. The summary scores on the two PCs are shown in Figure 6 (a) and Figure 6(b) . It can be seen that many samples were located on both sides of the positive and negative values of PC2, and some samples were located at the side of high values of PC3 and no values in PC1. It is expected that the multi-element concentrations among the three PC loading of samples should be different. Since the initial solution was obtained, the loadings are rotated. Rotation is a way of maximizing high loadings and minimizing low loadings so that the simplest possible structure is achieved. For this study, oblique rotation was used because it derives factor loadings based on the assumption that the factors were correlated. This was the case for these measures (variables). The oblique rotation gave the correlation between the factors in addition to the loadings (See Table 10 ). Table 11 , cluster membership displays the single solution cluster (between-groups linkage model option) to which each variable was assigned. Each stage (site) was assigned one predominant variable. The icicle plot, in Table 12 , displays vertical information about how variables were combined into clusters at each iteration of the analysis. The agglomeration scheduled hierarchical CA identified relatively homogeneous groups of variables based on selected characteristics. It shows that Al was dominant in WR-FR; Fe in BF-FR; Mn in HR-FR; As in RB-FC; Pb in MB-FC, and all the metals were clustered in VB-FCs site sediments of upland areas.
Cluster Analysis for Upland Area
The dendrograms plot below used the nearest neighbor model to assess the cohesiveness of the clusters formed. It shows that Mn, Pb, and As were clustered in all the particle sizes as shown, and the cluster of Al and Fe were observed mainly in the clay proportion of the sediments (see Figure 5 (a) and Figure 5(b) ). Table 13 (a) Cluster membership, shows the single solution cluster (between-groups linkage model option) also to which each variable is assigned. Here each depositional site on the watershed was assigned only one predominant variable. The icicle plot, in Table 13 (b), displayed vertical information about how variables are combined into clusters at each iteration of the analysis. The agglomeration scheduled hierarchical cluster analysis identified relatively homogeneous groups of variables based on selected characteristics. It showed that MB-FC and VB-FC had similar clustering, BF-FR and RBFC had similar clustering, and that HR-FR and WF-FR had different clustering for all the metals in site sediments of depositional area. The dendrograms plots below used the (nearest neighbor model) to assess the cohesiveness of the clusters formed. It shows that As and Pb were clustered in all the particle sizes as shown, and Mn was clustered in clay, but Al and Fe cluster were observed mainly in the clay proportion of the sediments (see Figure 6 (a) and Figure  6(b) ).
Cluster Analysis for Depositional Area
Concentrations
The arithmetic means of the particle size compositions and element concentrations in all the sediment samples consisting of sand, silt, and clay were calculated, and listed in the tables below. The depositional samples, as hypothesized, had high percentages of the grain sizes <0.02 mm. The sand samples, on the other hand, mainly consisted of the coarse sizes >0.1 and 0.05 -0.1 mm. All of the particle-size groups were relatively evenly distributed in the silt-clay samples. Most of the elements under study were elevated in the clay samples, and depleted in the silt samples. Concentrations of the elements in the silt-clay samples were between the clay and silt samples. Table 14 (a) and Table 14 (b) list the concentrations of the five elements Al, Fe, Mn, Pb, and As. Most of the element concentrations of Al, Fe, Mn, As and Pb were highest in the clay samples. However, Al in depositional and As in upland were elevated in the sand samples. The particle size effect on total metals has been widely studied. Clay minerals and other fine particle minerals play an important role in trapping and holding total metals. In this study, the same conclusion for the total metals was reached. The PC loadings of the particle sizes on the second and third PCs contain all of the Al, Fe, Mn, As and Pb. Further studies on the relationships between multi-element composition, and particle sizes are needed.
Conclusions
Sediments along rivers have different textures, as shown in the samples studied in these two watersheds, depending on whether the stream moves quickly or slowly [16] [17] . Fast-moving water leaves gravel, rocks, and sand. Without storm events, the FC and the FR have slow-moving water and tend to leave fine textured material (clay and silt) when sediments in the water settle out. The study evaluated spatial and compositional patterns in the FC and FR sediment contaminant data using the multivariate techniques-principal components analysis (PCA) and cluster analysis (CA). With the aid of PC and CA, the sediments from these watersheds were classified based on their texture into three fractions: sand, silt and clay. Significant differences were observed among the concentrations of the elements in the categories. Most of the elements detected were enriched in the fine-particle samples, where clay minerals were an important constituent [3] . On the other hand, elevated concentrations of Al and As were observed in the coarse (sand) samples. This may imply that the Al and As were present in the parent materials that weathered to sand. PCA indicated association among all heavy metals determined in the environmental matrices (soil/sediment) analyzed, revealing that their high concentrations were due to the discharge of liquid wastes to the FC and FR watersheds. Interestingly, some of the wastewater from the Decatur plant enters the river untreated [18] . According to Gray [19] , sewage treatment removes less than 100% of the metals from wastewater, so untreated wastewaters can be an important source of metals such as the ones analyzed in this study. Further, CA correlated all sampling sites impacted by contamination resulting from non-point sources, municipal wastes, sewages, and other sources. Metal concentrations from this study were higher than the USEPA's MCL or background concentration values for Al, Fe, Mn, As and Pb. This indicated that there was metal pollution at all the sampling sites. Significant relationships from the Pearson's correlation were also supported by the results of the statistical methods (PCA and CA) used. In summary, contaminants displayed distinct groupings (elements with similar properties) and spatial patterns; and relationships between particle size factors and chemical contaminant concentrations were explained in part with the multivariate statistical approaches. However, this multivariate statistical approach was as effective as simple correlation for this study, where contaminant concentrations were relatively high and correlation patterns were strong. In addition, the study refuted the null hypotheses. There was enough evidence from the overall results of the study to support the theoretical notion that particle size distribution and sampling location influenced the level of heavy metal concentration within the watersheds. These results provide a framework for interpreting heavy metal distribution and sediment toxicity in biological communities at these watersheds.
